In our experiments we measure (in situ, via online electrospray mass spectrometry, ES-MS, Kyoto University) relative anion populations, χ = P 127 /P 79+81 = [I -]/ [Br -], in the water 'films' produced upon blowing up drops of sodium salt solutions by a high-speed gas as a function of ion additions in the 0.1 -10 µM range. Here we summarize the key mechanisms that give rise to mass spectral signals. Liquid solutions (injected as jets into the spraying chamber of the mass spectrometer) are sheared into primary drops by means of a co-directional high-speed nebulizer gas. Fig. S1 shows a schematic diagram of the initial droplet breakup. These primary drops are flattened by the moving gas, and then suddenly stretched windward into rimmed thin-film bags.
], in the water 'films' produced upon blowing up drops of sodium salt solutions by a high-speed gas as a function of ion additions in the 0.1 -10 µM range. Here we summarize the key mechanisms that give rise to mass spectral signals. Liquid solutions (injected as jets into the spraying chamber of the mass spectrometer) are sheared into primary drops by means of a co-directional high-speed nebulizer gas. Fig. S1 shows a schematic diagram of the initial droplet breakup. These primary drops are flattened by the moving gas, and then suddenly stretched windward into rimmed thin-film bags. 1, 2 Given that the proximity of dissolved ions to the air-liquid interface varies along the span of the films, ions having larger propensities for the interface (i.e., ion X in Fig. S1B) become naturally enriched in the thinner sections of the film. In this process, ions having smaller propensities (i.e., ion Y in Fig. S1B ) accumulate in the rim whereas ions having larger propensities preferentially distribute along the film. The rimmed bags are dynamically unstable and fragment within tens of microseconds into smaller, sub-micrometer-sized secondary droplets. As expected from the preceding analysis, in the case of neat water droplets, the finer droplets originating from the film are negatively charged because they contain excess anions (OH -), whereas the coarser ones arising from the rims carry net positive charge (H + ). These mechanisms were experimentally confirmed by Zilch et al. 3 The enhanced surface and electrostatic energies of the polarized stretched films are drawn from the kinetic energy of the gas.
Since the kinetic energy density of the gas can deform only primary drops of d ∼ 1 mm diameter, 4,5 the breakup of the bag into charged secondary droplets is the primordial, one-time event in which net charges (those detected by mass spectrometry) are created from the neutral inflowing solutions. Sub-micron (d < 1 µm) secondary droplets are just swept by the gas and rapidly shrink via solvent evaporation (enhanced by their large surface/volume ratios) thereby crowding their excess charges. 6, 7 The fact that the titration curves of carboxylic acids and trimethylammonium determined in this setup are identical with the ionization constants reported in the literature (i.e., pK a ∼ 4.8 and ∼ 9.8, respectively) suggests that solvent evaporation is minimal prior to droplet breakup. [8] [9] [10] Sub-micrometer-sized droplets eventually become Rayleigh-unstable and undergo a cascade of Coulomb explosions whose outcome is the ejection of bare single ions to the gas-phase. 6, 7 Note that Coulomb explosions, in contrast with the aerodynamic breakup of primary droplets described above, arise from repulsion among like-charges and therefore preserve the overall charges of the initial ensemble of We have showed that (i) the relative anion abundances at air-water interface, i.e., the mass-spectral signal intensities, measured on aqueous droplets consisting of equimolar solutions of mixed salts follow a normal Hofmeister series (as expected at the airwater interface of < a few nm thickness and confirmed by other surface-sensitive techniques) and are specifically affected by cationic or anionic surfactants, 11, 1211, 12 (ii) mass spectra of aqueous droplets exposed to reactive gases detect species necessarily produced at the gas-liquid interface rather than in bulk water. [13] [14] [15] [16] [17] [18] [19] Data analysis based on mass balances and the kinetic theory of gases suggest that the thickness of the interfacial layers sampled in these experiments is less than a few nm, most likely below 1 nm. 9 More compellingly, we recently showed that the depth of the interfacial layers sampled in our experiments is controllable as a function of nebulizer gas velocity v g . 
